The bryoflora of Brazil comprises 1,524 species, 117 families, and 413 genera (11 hornworts, 633 liverworts, and 880 mosses). The most diverse families of liverworts are: Lejeuneaceae (285 species), Lepidoziaceae (48), Frullaniaceae (37), Ricciaceae (36), Plagiochilaceae (27), Radulaceae and Metzgeriaceae (26 each), Lophocoleaceae (18), Aneuraceae (15), and Calypogeiaceae (13); while, for the mosses, we have: Sphagnaceae (83 species), Fissidentaceae (65) Pottiaceae (63), Dicranaceae (54), Bryaceae and Sematophyllaceae (53 each), Orthotrichaceae and Pilotrichaceae (51 each), Calymperaceae (48), and Hypnaceae (28). These large groups account for 71% of the Brazilian bryophyte species. Lejeuneaceae and Sphagnaceae are the families with highest number of endemic taxa (54 and 60 species). The Atlantic Rainforest presents the greatest number of species (1,337), followed by the Amazon Rainforest (570) and Cerrado (478). The highest number of endemic species (242) is associated with the Atlantic Rainforest, where the Dense Ombrophilous Forest concentrates 73% of the species with 62% endemism. The Southeastern region is the most diverse in number of species (1,228) and with more endemism (219). Most endangered species are restricted to the Atlantic Rainforest of southeastern Brazil, which is the diversity and endemism centre for mosses and liverworts. The information currently presented by the Brazilian List is close to the real bryophyte diversity found in the country. Key words: hornworts, liverworts, mosses, bryoflora, South America.
Introduction
The first checklist of the Brazilian bryophytes was published by Costa & Luizi-Ponzo (2010) treating three Divisions, or Phyla, in the country, Anthocerotophyta (hornworts), Marchantiophyta (liverworts), and Bryophyta (mosses), and represented a progress for the knowledge of the bryoflora in the country.
The first detailed publication for Anthocerotophyta and Marchantiophyta featured in the Pars Prior of Martius and Eichler Flora Brasiliensis, with the treatments prepared by Nees ab Esenbeck (1833), and, slightly later, the treatment of Bryophyta published by Hornschuch (1840) Following these publications, the major advances of the knowledge of these three divisions of plants have been published in a disperse manner, in different vehicles such as checklists, regional floras, and few taxonomic revisions and descriptions of new taxa. Catalogues compiling published data were published by Yano (1981 Yano ( , 1984 Yano ( , 1989 Yano ( , 1995 and . Such works summarized all citations and treatments of species recorded for Brazil, and served as the base for Gradstein & Costa (2003) who recognized 600 species of liverworts and hornworts for Brazil, a number very close of the actually recognized to the country (94%).
Concerning the mosses, the Brazilian Moss Guide has already been accepted for publication by The New York Botanical Garden Press. Around 800 species of mosses are recognized, a close number to what is actually recognized to the country (90%).
Among the new studies who brought taxonomic and nomenclatural novelties after Costa & Luizi-Ponzo (2010) we can cite: Câmara (2011) completed the World revision of Taxithelium (Pylaisiadelphaceae), Majestyk (2011) Bastos (2012a,b,c,d and made new combinations and synonyms to Cheilolejeunea (Lejeuneaceae), Gradstein (2013) presented new synonyms to Omphalanthus and Aureolejeunea (Lejeuneaceae), Cano & Jimenez (2013) revised tribe Pleuroweisiae (Pottiaceae), Söderstrom et al. (2013) added synonyms to Lophocoleaceae, Costa (2014) presented synonyms to Brazilian Pottiaceae, and Gradstein & Ilkiu-Borges (2015) completed the World revision of the genus Odontoschisma (Cephaloziaceae).
The addition of new records to the list of bryophytes in Brazil increased the knowledge of the diversity in this group, and emphasized the importance of new records or new taxa published by Costa et al. (2008 ), Ilkiu-Borges & Pereira Alvarenga (2008 , IlkiuBorges & Gradstein (2008) , Bastos (2011 ), Bordin et al. (2011 ), Câmara & Carvalho-Silva (2011 ), Peralta (2011 ), Ilkiu-Borges (2011 ), Câmara & Carvalho-Silva (2012 , Brito & Ilkiu-Borges (2012a,b) , Peralta & Boas-Bastos (2012) , Peralta & Reiner-Drewald (2013) , and Ayub et al. (2014) .
Floristic surveys have also contributed to the bryophyte knowledge and added new records to the species list of bryophytes in Brazil, such as: Ayub et al. (2014) This new species list of bryophytes has the main objectives add new data, including new informations and performing the correction of possible errors published in Costa & Luizi-Ponzo (2010) .
Methods
The methodology used in this study was the same adopted for the other groups of plants and fungi of Brazil, summarized in Forzza et al. (2010) . Regional lists and selected databases were evaluated by the specialists who accepted the invitation to contribute online to the project website at the Jardim Botânico do Rio de Janeiro (<http://floradobrasil. jbrj.gov.br>).
Each expert was tasked with the inclusion of new records and/or the revision and modification of previously entered records, in the light of the actual knowledge for his/her speciality group, including information about life forms, substrates, vegetation types, vouchers, etc. All information was based on checked herbaria species, therefore, for a taxon ranging throughout the Brazilian states, the specialist would have seen at least one specimen per state.
The 
Results
According to the latest dataset (see Brazilian List of Bryophytes; supplementary material <http:// dx.doi.org/10.6084/m9.figshare.1538648> -DOI: 10.1590/2175-7860201566409), the bryophyte flora of Brazil comprises 1,524 species, of which 11 are hornworts, 633 liverworts and 880 mosses. This number is only 1% higher than the previous record of 1,521 species (Costa & Luizi-Ponzo 2010) (Fig.  1 ). Due to recent advances in the classifications of bryophyte groups, 117 families and 413 genera are currently recognized versus 109 families and 395 genera recorded by Costa & Luizi-Ponzo (2010) .
The ten most diverse families of liverworts are: Lejeuneaceae (285 species), Lepidoziaceae (48), Frullaniaceae (37), Ricciaceae (36), Plagiochilaceae (27), Radulaceae (26), Metzgeriaceae (26), Lophocoleaceae (18), Aneuraceae (15), and Calypogeiaceae (13) (Fig. 2 ). For mosses, the ten most diverse families are: Sphagnaceae (83 species), Fissidentaceae (65), Pottiaceae (63), Dicranaceae (54), Bryaceae (53), Sematophyllaceae (53), Orthotrichaceae (51), Pilotrichaceae (51), Calymperaceae (48), and Hypnaceae (28) (Fig. 2) .
The results in 2015 differ in relation to data presented by Costa & Luizi-Ponzo (2010) , with the liverworts of the Ricciaceae family exceeding Plagiochilaceae in number of species, Aneuraceae and Calypogeiaceae surpassing Jungermanniaceae, which now has less species (Fig. 3) . For the mosses, Bryaceae, Pilotrichaceae, and Hypnaceae exceeded Fissidentaceae and Calymperaceae (Fig. 3) .
Regarding the richest families of liverworts in Brazil, we highlight Lejeuneaceae (285 species) containing 45% of all species recognized for this division in Brazil, while, for the mosses, three families, Sphagnaceae (83 species), Fissidentaceae (65 species), and Pottiaceae (63 species) together total 24% of the species recognized for this division in the country.
Comparing the information published by Costa & Luizi-Ponzo (2010) to the present list, there was a small increase in the percentage of endemic species, from 18% to 19.6%. However, among the ten families of liverworts with highest number of endemic taxa, Lejeuneaceae remained the first one, with 54 species, followed by Ricciaceae (11), Metzgeriaceae (6), Lepidoziaceae (6), Frullaniaceae (5), Plagiochilaceae e Aneuraceae (2 each), Radulaceae, Lophocoleaceae, and Calypogeiaceae (1 each) (Fig. 2) .
Regarding the mosses, among the ten families with the highest number of endemic taxa, Sphagnaceae remained the first one, with 60 species, followed by Sematophyllaceae (17), Dicranaceae (15), Pottiaceae and Orthotrichaceae (11 each), Bryaceae and Pilotrichaceae (9 each), Hypnaceae (4), Calymperaceae (2), and Fissidentaceae (1) (Fig. 3) .
The present study recognizes 413 genera, with the 20 most diverse genera including 600 species, of which 149 species are endemic (Tab. 1). As in the previous study (Costa & Luizi-Ponzo 2010) , the three most diverse genera continue to be Sphagnum (83 species), Fissidens (65), and Lejeunea (40). However, it is noteworthy that the total number of species in Sphagnum and Lejeunea has been reduced from respectively 93 and 42 species in 2010 to 83 and 40 in 2015. Allied to this decrease, the number of endemic species in these genera also changed, and in Sphagnum falling from 65 to 60, while in Lejeunea it increased from five to six species. Other variations were recorded in the following moss genera: Fissidens, Campylopus, and Sematophyllum with respectively three, seven, and six endemic species in 2010 (from a total of 16 taxa) and had a respective increase to six, eight, and eight species (from a total of 22 taxa) in 2015. Liverwort genera such as Cololejeunea and Cheilolejeunea had a large increase in the number of species and endemic taxa, with an increase from 17 species (one endemic) in 2010 to 37 (eight endemic) in Cololejeunea, and an increase from the 16 species (1 endemic) previously recorded for Cheilolejeunea to 37 species (14 endemic) in 2015. *** formerly included genus Aphanolejeunea was transferred to Cololejeunea (Pócs et al. 2014 ).
---Genera not listed by Costa & Luizi-Ponzo (2010) .
Classification changes in some genera of Lejeuneaceae meant that several species had to be transferred to other genera, with Aphanolejeunea A. Evans being subsumed into Cololejeunea (Spruce) Schiffn. (Pócs et al. 2014 ), (Tab. 1).
The biomes with the highest number of species continues to be the Atlantic Rainforest, with 1,337 species, followed by the Amazon Rainforest (570 species), Cerrado (478), Pantanal (176), Pampa (120), and Caatinga (96). It is worth mentioning that the bryophyte diversity for the Caatinga biome were included in the introduction of Forzza et al. (2010) but were not part of the analysis presented by Costa & Luizi-Ponzo (2010) in the same book. The Atlantic Rainforest is the biome with the largest number of endemic species (242), followed by Cerrado (63), Amazon Rainforest (52), Pampa (16), Caatinga (8), and Pantanal (6) (Fig. 4) .
The greatest diversity in the Atlantic Rainforest is found in the Ombrophilous Forest, and this vegetation type concentrates 73% of the total species and 62% of the endemism found in this biome. Ombrophilous Dense Forest and Ombrophilous Mixed Forest contain the highest richness (1,138 and 632 species, respectively), followed by the Amazonian Terra Firme Forest (463 species) vegetation, where 38 endemic species occur. In the Cerrado, the Gallery Forest presents a large number of species (309), with 37 endemic from this vegetation type.
Regarding the geopolitical regions, there was a significant increase in the number of new records, however the Southeast region continued to be the most diverse one, with 1,228 species in the present survey (vs. 1,205 in Costa & Luizi-Ponzo 2010) , as well as with the high number of endemism (219 taxa (Fig. 5) .
Taking into account the diversity within the federation states, changes over the last five years did not change the position of Rio de Janeiro, São Paulo and Minas Gerais as the leading states in terms of species richness. Rio de Janeiro and São Paulo states count with 900 species each, while Minas Gerais has 766 species records (vs. 873, 840 and 687 in the previous survey), confirming the Southeast region as the one with presents the highest richness. When compared to previous data (Costa e Luizi-Ponzo 2010) , the largest additions occurred in Minas Gerais state (79 species), followed by Paraná (72 species), Pernambuco (67 species), and Bahia (66 species), probably due to increased knowledge of the flora in these states which are among the ten richest in the country. The smallest additions correspond to the North region states, Amapá (two species), Acre and Roraima (five species each), and Tocantins (10 species), and the northeastern states as Piauí (seven species), Sergipe and Paraíba (12 species each), Maranhão (17 species), and Rio Grande do Norte (19 species), the latter state with the lowest diversity, adding up to only 35 species (Tab. 2).
The analysis of life-forms shows that most species that occur in Brazil have foliose habit (717). In relation to the remaining life-forms, a predominance of tuft (421 species), followed by mat (371 species), and weft (237 species) was found (Fig. 6) . Regarding the type of substrate colonized by bryophytes the predominance of corticicolous (797 species), followed by terricolous (640 species), rupicolous (550 species), and epixilous (210 species). Meanwhile, 120 leaf-dwelling, or epiphyllous species belong mostly (Fig. 7) . Considering the three biomes with the highest number of mosses and liverworts species, the Atlantic Rainforest is the one with the greatest diversity of life forms and types of substrates, followed by the Amazon Rainforest and Cerrado (Figs. 8 and 9) , where the foliose, tuft and mat life-forms predominate in conjunction with corticicolous, epixilous and terricolous substrates. In the Caatinga, Pantanal, and Pampa the commonest life-forms are tuft and weft, and the substrates are mostly corticicolous, terricolous and rupicolous (Figs. 8 e 9) .
The majority of threatened species found in the Brazilian Red Book (Martinelli & Moraes 2013) occur restricted to only one or two states in southeastern Brazil. Many of these species have reduced Occupation Area of Occurrence (AOO) or Extension Area of Occurrence (EOO), and occur in the Atlantic Rainorest, alongside all endangered species listed as threatened.
Discussion
The recognition of 1,524 species of mosses, liverworts, and hornworts for Brazil represents an advance in the knowledge of these three divisions. These figures are certainly close to the real diversity as they approach the estimates presented by Gradstein & Costa (2003) for liverworts and hornworts (600-750 species) and for mosses (892 species), with an addition of only three species over what was previously recorded by Costa & Luizi-Ponzo (2010) .
The difference in species number is small however the number of families and genera recognized are consistently different, with 117 families and 413 genera versus 109 families and 395 genera listed in Costa & Luizi-Ponzo (2010) . The difference in family and genera number is due to recently published studies that focused on large, previously understudied groups including changes of circumscription at genus and family level and presenting vast synonymy. These studies clarified important gaps related to the taxonomy and geographic distribution of taxa. In the genus Sphagnum, for example, 93 species were recognized in the list of Costa & Luizi-Ponzo (2010) , while only 83 are recognized in the present list. This genus is currently under revision (Costa, unpublished) .
On the other hand, many groups still are in need of detailed study, not only for species circumscription, but also to fully understand the geographic distribution of their taxa. These include liverworts such as Bazzania, Frullania, Lejeunea p.p., Plagiochila p.p., and Riccardia and moss genera Callicostella, Cyclodictyon, Hyophila, Macromitrium, Mittenothamnium, Schlotheimia, and Sematophyllum p.p. . These groups lack recent taxonomic treatments including identification keys, descriptions, and illustrations. Some of these genera are already under study, but the data are not yet available to be included in the present work. It is probable that the number of species featured for these groups is underestimated in our list.
The Atlantic Rainforest, the biome with the highest number of species including the largest number of endemic and endangered species, is recognized as one of the hotspots in the planet (Mittermeier et al. 1998 (Mittermeier et al. , 2004 , and has already been pointed out as one of the main centres of diversity and endemism for mosses and liverworts in the Brazil (Gradstein & Costa 2003; . This high diversity is attributed to different environmental conditions occurring in mountainous tropical areas (humid climate with rains distributed throughout the year; fog in the mountains; ample variation of average temperatures from the lowland to the high mountains), favouring a greater number of microhabitats, high rainfall, and topographic complexity (mountain ranges with cloud forest in the Altitude Grasslands; shoreline fringed by sandy beaches, rocky shores, salt marshes and mangroves), which leads consequently to greater floristic diversity (Pócs 1982) .
Conclusions
We believe that the information compiled for this paper approaches closely the real diversity of bryophytes in the country. However, gaps are still recognized in regions that need increased collection efforts and remain insufficiently sampled. Further studies developed in these regions will certainly yield new records possibly new species of mosses, hornworts and liverworts for the Brazilian Flora.
